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(54) BINARY SIGNAL MULTIPLEXER PROVIDED WITH CODE CONVERSION FUNCTION AND BINARY 
SIGNAL DEMULTIPLEXER PROVIDED WITH CODE CONVERSION FUNCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the multiplexer that is 
provided with a coding function that is not limited by an operating 
speed of an exclusive OR circuit and accuracy and a length of a 
delay element by coding a signal in a stage of a low speed signal 
before time division multiplex in a communication system 
employing the duo binary modulation system. 
SOLUTION: N-sets of data signals are given to 1st inputs of N- 
sets of exclusive OR circuits 1, and outputs of the 1st to (N-1)th 
exclusive OR circuits 1 are distributed to 2nd inputs of the 2nd to 
N-th exclusive OR circuits 1. The output of the N-th exclusive OR 
circuit 1 is delayed by one-bit with a 1-bit delay device 2 and the 
delayed signal is given to the 2nd input of the 1st exclusive OR 
circuit 1. Outputs of the N-sets of the exclusive OR circuits 1 are 
multiplexed by a multiplexer 3 that conducts bit multiplexing. 
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2 ffifa-§-#a»BT-fc o T . 

iftxff 1 RtfIS 2 CiA^a??gt — orotU^BT-* 
atfctf^sm&tf^WiMfeaainHlS (3 4) 
4:, 

-o#a(US§ (3 5) 

-BtI1E2ffl«^0 1 try H^»ffi-r5»«» (3 3) 

*U 10 

WEIS i RiwinesB 2 (oft&ttSfrEii&otineft i ©a 

buEIS 1 buEHS 2 cd 2 Hff -5§-£^n 
AMES 1 O#fe|fcafrlBlK0>«MBJIS 2 coA^iST-^g 

14, miiei f -y ha^sis:^- l x flutes 2 o#fdif#sfp 

bubE#sihis§i4, stEm 1 Rummm 2 ©gwaaisiftJiii 20 
^<owsumt}^mm\cmm.^ti. HtrEiis 1 .RtfiWEsfs 

[»^3S2] g&ESB 1 &tfBtEIS 2 ©gNdlg&SfPlIlSS 
<D#*<DffjEI£l<DA;>j4SH^ai4, 8l3lKtelel8g£{i 

{ixfc2flttlf^-#fi3iMo 

. [«*3S3] iiuEIS 1 St^mlEIS 2 rotlftfefSSfPlUSS 
©#*©ffi|BJB2©A*«l J f-*Stt, 85}SEtel3I&«rfll 30 

fllx.*: 2 

SB 2, St/IN (Ntt3»_h©SE*) CD2«H§-£ 
«^ti5> W^*ifc*fB«MI*.fc2flrtt*#fi§Slt-e 
foot, 

ififs i R VSB 2 ©A*4SHF-^ai: -ooa^S^ 

attrirtaai, IS 2, atf«N©»«i»afpia 
as ( 1 , 53) 

-O^filelSS C3) t> 40 

Bute 2 fsm^-co 1 1- y k ^iiffi-r 5 j§5£§§ ( 2 , 50) 

BSroiiijfESg 1 OA^SH^att, ffllEJBl, IiuEIS 2 _ 
-, S.O ? fiufE!gN(D2ffim^-5r^tt^tb#t^$tu, 

buE3?2. &twtriB*N©*teiiafp08S©rt«>as 

n (nli2WN (Pi*S:-&tf) OP B 1T-'5I^T-fc5) <D 

*«&»afpiHiis©«nEjB 2 ©A^w^f-^stt, is (n — 
me* 1 ro#tet^a?piH]sswBuieifi 2 ©A*«^#a 50 
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J4. BUlS 1 fy b«jSS*^UrHUI2lgN<Dftftb,ISaft 
milS#fi(H]8Sl4, HutEISl, iiuElf5 2, ,Rtfiiu*EI& 
Egll. mlES5 2. &U J ftJESSN£>gMft3&S?D|5jB& 

lf§3ftiS5] (WEfBiv iiuEIS 2, ST^hUEISN 
<o^ftb,i^gfg[HlSS<D#* WbuESB 1 <£>A;fj^3M§:l4. 
ttSKtelsli&Srfllaifc. r t h -tZ>n*i% 4 i-E* 

[fi*«6] fitEIBi. huEIS 2 , RtmEISN 
<0SMM&S*Plsl(&©#* <DbuEIS 2 «> A*«HF-#»H\ 

[ft*JS7] BtEIB2, &tfB?FES8N<DtlMkS8j3 
ftOSS^iiuEfS 1 ©AA*»-?-#»tt:, **i^e*LA;fc3iffi 
13 SS (5 1) 

ntE^Nco^fi&iiafpiHiKSri^v^fc^T^ft&sfeaftiHi 
ss(OBUEffl^«^*ai4, *imnmt>mM\Bi96 (5 

2) £(i;L, 

HfFEA^»3SlHlKSOfHtEa^5iSlHliiSJ4BtE^ft!li&a 

%QEim<D Atati fsix-nmmmm&ffim-t'* < fts £ tin 

[Sit#Jg8] gJEiiffi^ (5 0) (4. HtE^iSilMSr 

[iS*3S9] A^2ffift-^Sr5(^bVM^s/ hu-h 
Sr*i--5lfi 1 Rl>*!8 2 «> 2tt«#li^#J4MB-r«-o 
O^HIal^ (4 0) b. 

1 SO^IS 2 WA^ST-^a t -owffl^i*^^ 
aiSr*"^S|glRtJ ? IB2co^ftll^afPlE]SS (3 4) 

bUe 2 1 t*y b^mm-r^mm^ (33) t& 

bmEIB 1 RVffimm 2 <D^ft!liiafP[HlSSWBljE|g 1 <DK 

sueis 1 ©#te»asna»«>BtrEJs 2 ©A^*f?t 

14. BtlEl t'y hil3g«Sr^LTtfiEIB2<0^ffelSafP 

[Hl^cOBuEtbl^iS^^ai-Si^Sn, 

WEIS 1 SLFfiUEIS 2 0>8Mfc8&Sft0g&WHlFEffi;fr4iS-?- 
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in&m i o ] Btrism i stfUufsi! 2 (omm^m^ 

[It** 1 1 ] BMlESS 1 StfrnHEf? 2 <0»ft&HSfPlHl 
&ro&*<DBufEf5 2OTA2>a8^P#I8:«4, SfeJlSSEIUS&S: 

Srfliifc 2 

im*mi 2] A*2|t«*Sr5«-4f-H/Mf2x H/- 
hSr^T-i-SJBl-, f52. MlN (Nf4 3 £Ui<£>S 10 
IS) ©2«[«#»c:^«^«-r5-o©»iB|p|» (4, 
5 5) 

#* *«sb i xw* 2 ©A^sf^g t —rxomttm^ 
wtk&m-rzm. ^2, - % &tmN0>*MHfcaftiei 

■SS (1, 5 3) i:, 

glfB2ffift^-<7? 1 My h^iiltSaiS (2, 50) 

SScDflfFlS^ 1 ©A*«HF-*»tt, BufE^l, itfiiefl2, 

S.U:S(JfEmN(D2fli:m-§-^^n ; ?:*tt#t^$n, 20 

n (nf4 2Xt) ? N (Pi ;££-&&■) WP^rsjSrfoS) CO 

mmmwfa^^mBm 2 oA^a^fta, * u- 
1) w^afeafPiEiBSrowiBm^sffi^^ifet-^^ix, 

&<Dmftmxf®^&e>mMB^$:mmmtimf§rk ur 

[fS#ifl3] HfllS^l, Huf5^2, RXffjiisZWi 
KK*©flF*a:ijWMB3:fll ^.fc 2 fftft 

ltlB««)W-i3-*«««6S:4Bx.fc 2 
[ff*3ll5] hij!E|&2, S.O ; Hufe^N<0^{fi!i 40 

5£Ie18S (5 1) Srfllx., 

Btr^N(7)^ft&Snafp[HiKSr^v^^rw#ft&iaafPiHi 
»©ffiHEtb*iB^-#att, ttit'naitimmmn (5 

2) 

Stlte A^i 31l£ 0S§S t/Btjf etU^i a® Ih! SS l4lWiEt*f4,3%S 
fq[H]aSroAai^P^T*rofe«Bjl}S^ffi«-r'<< *^^ixfc 

[fi#ifl6] iiufE«SSS§ (5 0) 14, BtitEe«6il5S 50 
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i£*£*^6::<t£4#®ii-f 5ff*JSl 5 lclB*W>«-» 
«*M*f^«Jtfc 2 

[000 1] 
[0 0 0 2] 

RSft?r^-^^-ti:fcv'^7 i ^A5i}#^5 ] Z8- 1 3 9 6 8 

[000 3] 111 7 {C*3V>r, 2fitOA^)T ? — ?{§ 1 0 

(4, *rSMMft8fPiai&(EX-0R) lirl If s» hjil£2§ 
. (BP*., i^-<^py Mi6g) 2ri£$;£;tx-5:/y 
a-^l 2Jc±oT^F#^#fft>*t. ^ro^t5-o 
Olfy 2 t*0^S(ADD) 1 3 "CWfigSixS 2 

fit 3 1l|^^lHl8S 1 4 T- 3 fitr^ ^<-f -r V ft^-Sr^fiK-r 

[0 0 0 4] 3«©7*»:*AW-*-ytt*§-tt£P<»3 

l(Df§-5§-f4, «*i^fiH18Sl 5, ^-f T^SBSIelSSl 6 
&iiorftl£IS£§l 7©f 1 coffi+icftiMZfrZo 
£*LfcSS2«Oflr#tt, SfelHlSS(INV) 18, *>5-0(£> 

sum sir. 5. «a^i7iivyA7xyys«t 

SSS§T% 2o©^jSSS(-fiufe^l*5 4t>*^2<0'ff^-Sr 
PPiJDU-CU — Y (.KM) 1 9fr<b<Ditt&&m 

[0 0 0 5] ^co^, ±j*ro2o<73ft-§-ro^*SSr3t'^ 
Hi 7cr>^jSSHJEi: LrPP*PU, ^<-fT^^lBSLT 

^^.^^-r^yft-f-os w</w (3ffift^-<o "o" % 3 

"1" , Stf3Htt© "2" ) 21, 22, 
2 3 ^^PH^Sil^Ft* 2 4 *C*t UTH8<D4^(C 
*J 9 for So CLCO^m, mmt ^(O 3 U^</Wj»53fe© 3 tfc 

ffii-fij?) for bttx, ^jto^-s^ h/ujjs^^k-f- 

[0 0 0 6] SfiSr-14, t4b*.B8 
©2o©l/^ (^ffi(t-§-«> "0" S.^ttHl^-cO 
"1") 2 5^0=2 6^ttJLttIftfCfftt5 0 
[0 0 0 7] rroe3l^r'{4, 3l)tfa^Mt!J 

ft co&x-m m-r z> ft * . insm^r^ x-n^-mm 
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[0 0 12] 

c (i) =b(i) + b(i-l) 
= a (i) • b(i-l) +b(i-l) (2) 

[0 0 13] c(i) Sr**W*i:itt«tft«afe««$ix 

s*eaiSB3 oicii-rt. ^ic*i-a^ff-s§-d(i) # 

10 ^b*b5„ 
[0 0 14] 

d (i) =INV [ I c (i) - 1 t ] 

= INV [ | a (i) • b (i-1) + b (i-1) - 1 I ] ( 3 ) 

r.^T% ^(O | | tt»S*ffi«»Sr*i- 0 mi X3bZ><DX\ 5t (3) tt&Oi: 5 KKlfcSil, 

o k:*-*-* ± 9 , IE Uv^-S-ds#btt6 r t tfstoa**. 

INV [A+B-1]=A-B [0015] 
(A • B) • B = A 

d (i) = { a (i) • b (i-1) } • b (i-1) = a (i) ( 3' ) 



[0 0 0 8] B9tt, ftr^^M-J-yi^Sfcitftfc 
y^-^i 2Sril5ffi«iRHc|E«-r6->^7 L ^S:*Lfct 

SJb, #ftb*aSi(EX-0R) «JI^S:*i-t>©i:i-S. 

[0 0 0 9] H9(C:*o^T. A*j{f-5ra (i) &zf}) 3 — 
^1 21d J: 9 ^tC^-rif -^-b (i)(C^^tt5o 

[0 0 10] b(i) =a (i) • b (i-1) ( 1 ) 

[0 0 11] ^cDb(i) Sr2ffi3tt^tft0&l 4lcili- 



Sfc* Hi lo <fc 5 fc % 3—^1 2S:S«»^fl|*. 
Tt>jEL<«F#*:eiS"*-aifc*s-e*S. ^tf>flta£-e 20 
tt. A*iB*a(i) fc#LTlH;&flr*e<i) 

[0 0 16] 

e(i) =d(i) • e (i-1) 

= INV [ | a (i) + a (i-1) - 1 | ] • e (i-1) 
- {a (i) - a (i-1) } • e (i-1) (3' ) 

::t*, a=b • c-e*>tt«A • c = BX&>z>^k$:m 

\*&k, (4) 3fc**S*L5. 
[0017] 

e (i) -e(i-l)=a(i) • a (i-1) (4') 30 

(4' ) 5U:9, e(i) ta(i) *Wlflr#"C*>9. IEL 

[0018] tr^T% asaoat^r-f ^aw^ett, ts 
;fr:£S:Sffl1-s4&£\ t£3miil9<7)3£m^:fc^T^- 

u k (i) = e (NX i+k) 

- d (NX i+k) • e (NXi+k-1) 



^Mf(^^-^l2ia^^MfT5^\ 4 

tztem 1 1 os^f^i-^v^T7 f 7 > y =*-^i 2k:j:s«f 

[0 0 19] IP*>, El9<0«fc3t£i£fiS{fflfC7 p y 3 — y 

i 2 ^y 3-^1 2 ©ita-eNiofiaft 

-§-s k (i) &\Zy b-irtd^fiLTftS^-rSSiifi* 
a (i)Sr»5. 

[0 0 2 0] a(NXi+k)=s k (i) (5) 

ic.^y n-^i 2^i9W^*tftbT?fcS;ic*-r«^r 

b' (i) Sr#5o 
[0 0 2 1] 

b 7 (NXi+k)= a (NXi+k) • b' (NXi+k-1) 
= s k (i) • b r (NXi+k-1) (6) 
— mi ia?J:5»-S«»«ll-^y 3-^1 2£*5< 
»£\ «*d(i) Sr^y 3 — ^1 2KJ; ^fftLTfl 
*e(i) «r£j*Lfc«fcl* «*e(r) J C *f LT 
«t&*TV\ ^(c^-Ttii^iSiaft-^Uk (i) £»5 0 
[0 0 2 2] 



N) 



= d (NXi+l) 
(7) 



u H (i-D, d (NXi+k) • u k -, (i) * (k = 2, 



[0 0 2 3] 

[0024] * bic, w^kS^a^kSS^fi 1 try h 



50 



[0025] m^n^it^^m^^m^ 

[0 0 2 6] -tixSL *3B?BOKHtt. NF»W*Ki-* 
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t£^n%<mm*ffi*-tz&mmm.i:mm-tzzt\z$> ioo3oi *»w©«3«>«*fcj:*ni. At>2wm 

•5„ ^Srlllc^H^t'y HU- h&^-fZ>m lMf 2©2 

[0 0 2 71 *389l © fc 7 -o©KSl*. ««#ie:«F»«»«M-*-o©»K|3iiS t . *«* l 

B©ttraS«^«ffi*^©ft£^«K«ll8£ft*v*# .5*i;RtF*2©#te»S;f&lH]gSi:, ttE2tfft®l 

[0 0 2 8] 2 <7)*ftb,iSgfP(H]8S<OMfe^ 1 WA^Wfili, HmIB 

tfWB4r»*i-Sfc*©*ai **8©#l©1»#fcJ: JB 1 S.t/HufE^ 2 © 2 tt(i*«r**vei-k1KJ&$*V ffiJtB 

*ttf, Sid^LV-t';/ K u— h^ftS^lMf 2© ^2©SPflfei^SSJlHl8&©Bnfem2©A^iffi J ? L #Sl4. W 

Mgfffcot, jjsflf i Rt«(S 2 ©AAiBT-^a *u mllE^ l ©SNffi.^S?nlElSS©WiEm 2 ©A^iiS^-# 
i:-o©ai^«^l&i?r*-r5.^lSU ; ^2©pft&li iffllE 1 tfy h3itt»Sr^Ur«WBJB2©#ffi»a 

«r*ru smb* 1 xi«we# 2 ©# te^ 2 ©^M^afp@ss©fiiitsm^4g^i&©ffi^ft^- 

SNIUMHIllElKOtineil 2 0>A*J*Hf-#8!MU milS^ 1 [0 0 3 1] *%i©!4 0>ffi&£: £tU-£. A^3 2flt(g 

SB 1 o»flbitasnaK©«riE* 2 ©A*»^att, m rvjbn (Nf±3«±©s») ©2«(t#^«F»w^K 

151 h»®S§Sr^LTmrl5^2©#ftfef^S?P(slSS© 20 -f 5-o©#«E[E]Sg fc , 1 at?* 2 ©A^SSH=- 

i s.t5Hute^ 2 ©#fasaafDiHiss©B5ism^sgT-#atc &t*s&N©iM&i&3fnie]iiS£, a&iE2««*©i ify h 

ssttsii, Areas i Rvmm 2 ©»f&^swiE]8S©{±i $Hsnti-aii8E»i:*:*ru mcgi, fiuiEf5 2, 

W»4:-r*W**««IBS:«Jtfc2fltt(S*#S»ll*s» Stt. fiufaSS 1 , fi?FfeS§2, ,&tffifJi2SSN© 2ttil 

<b*u£„ ^«r«tk?ti4Klft$it« WE* 2, StfrnlfeSgN© 

[0 0 2 9] #»8©IIS2©tR«fcJ:*Ui, SIC^LV^ #MfeSt3fn|I]Sg©l*9©gln (n«2S.t>*N (^<Sr"& 

fyM^-hS:tt5Il, JH2, R^N (NI4 tf) (DmX'SimX'hZ) ©#f&8Sa?PleJK©HtfES 2 © 

3«±©») ©2ttflr#sr«*&$ixs, n^wmm x^m^stm. m (n-D ©#^^afaiHi8S©Buis 

Sr»x.fc2tf«*#a»ftTf*)o-r. #*as*lSt«B 30 a^*B^gH-S5filES4x, fifffESS 1 o&sflMtoOftiSIfto 

i, *2, RvmvKotimwammm&b, —o#s TM^NotMfaii^sMoiHreuA^^fticMBR 

*u «rie*i, MKJB2, xvmnE*N«)t*flbii a?qiH]gs©Hijfet±5^4S^-^©m^«^-Sr^em^m^- 

3fP0i£©fiufaSfl 1 ©A^i$^l8:l4, MIBMSl. fiute £ LttlJ^tSr t *4M^i-Sft^8UMB*tt*.fc 

g52, Xt«triaJBN©2tt«*Sr*tL^ixtt*&S 2ttfi-§r^MISgB3»s»p > ix5. 
*X> mJlES&2, R^IS^NW^ftfeafeSfPlHJSS©!^ [0 0 3 2] 

©|gn (nlJ2MN (Pi* ©FfflT'^T'fc [3gUJ©3lJ£©ff2fi] ^(^^©IlifcWco^TlIlB 

5) <0»fl&»afPlHlK©l»ffiSB2©AA«8 : f-#Stt, JB «r*!»l,-Clft9H-5. 

(n- 1) ©#fth,fmaSllElSg©SfFffiai^)4S J 5 L #S^»tt 40 [ 0 0 3 3 ] SI 1 «*^W©» 1 ©HJE^^J; Z>nf§rik 

£*x, (ItrEJB 1 <o*flMiafpiaK<oafHEIB 2 WA^iJB^- *ffe«r«;Lfc 2ffi«*#**«&*U-C^3. *2ffijf 

#18:14, WI21 fy h«5iS«r^-L-CgfIfE^N©#te^ ##fi«B»4PI«<0#RaflF*-C**ixfc|5]«<0«iJ»S:# 

a^EiiioiitnetuAHi-T-^aicKit^n. wiE^aiass tr. j&jft-oa&ftsflretfa; (6) -e#*e>ix5(B* 

14, WIBIBl, mFta^2. Sr>*SflE^N©SNfeSSa t^UV^C tSr^-T. ElllcdoV^T, m^rs, (i) ~s 

12, RtmiesBN©*flMiafpiHi»©ai*(t#Sr a?p(Hissi©tti^«#t, a) ~t„ <o jii^s;T--^x. 

try hrt{c^fiJ#s-r5t©T-$>5^ t^itt bnz> 0 
zn^&^m*ffi?Ltz2mm^&nmw&'&btiz>o [0034] 

ti (i) =s, (i) • t, (i-1) , ti (i) = s, (i) • (i) (k = 

2, -. N) (8) 



( 6 ) ftffl¥-l 1-122205 

9 10 
Ztlbtt (i) ~-t, (i) ^^IJ#lS3iaoT# [0 0 3 5] 

fiLT#ib*t£ffi-i§-b" (i) 12. fr^X^ZLbthZo 
b" (NXi+l)= t, (i) 

= s, (i) • t„ (i-1) 
= s, (i) • b" (NX(i-l)+N) 
= s, (i) • b" (NXi), 
b" (NXi+k)= t k (i) 

= s k (i) • (i) 

= s k (i) -b"(NXi+k-l) (k = 2, N) (9) 

(6) Si: (9) b' (i) 10 A^ff^d(i) Sr^#J^«S4«C±oT^#J^«U 
^4otid^ *»W3ft«jEL<f^ffli-Sr xmbinZ Nfi<D{&igff v k (i) ttlfcXT*-£;fc&*i 

[o o 3 6] m2\c^m<om2(Dmmm^x^^it [0037] Vk a) =d(Nxi+k) (10) 

«HgS:ii^/c2ffim^^e : Sr^LTV>^ 0 * 2 film v k (i) SrNfi<o#<fe»afPEIKl^ite-t"5i:. S^ffi 

(7) <Du k (i) fc^L^d t&TF-to m2\Z*3\,^T, [0 0 3 8] 
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